Knowledge of the location and magnitude of the resistance to water flow in a plant is fn tal for describing whole plant response to water stress. The reported magnitudes of these resistances vary widely, principally because of the difficulty of measuring water potential within the plant. A number of interrelated experiments are described in which the water potential of a covered, nontranspiring leaf attached to a transpirng sorghum plant (Sorghum bicolor [L.l Moench) Assuming that the covered leaf water potentidal was equal to that in the root xylem at the point of water absorpton in the experimental plants with relatively short root axes, calculated radial root resistances were strongly dependent on the transpiration rate. For plants with moderate to high transpiration rates the roots had a slghtiy larger resistance than the shoots.
The passive movement of water through a plant is driven by gradients in the chemical potential of water. The relationship between water flow and potential (usually expressed as a resistance) at various points in the plant is not generally understood. Early work (10) suggested that the root system was the major resistance to water flow into and through the plant. Boyer (4) showed for sunflower and bean that the resistance to water flow was nearly as large in the leaf and stem as in the root. Further observations (1) on tobacco indicate a considerable drop in potential between an exposed leaf and the potential of a nontranspiring covered leaf. Relatively little work has been done to quantify the resistances to water flow in monocotyledons. Neumann et aL (13) used thermocouple dew point hygrometers to measure water potentials of covered and exposed leaves of corn and estimated that leaf resistance accounted for 15 to 30% of total plant resistance to water flow.
One of the most intensively researched plant resistances has been that in the roots. A number of workers (5, 8, 13) have addressed the problem of the range of reported relationships between root water uptake and potential. The apparent reduction in root resistance with increasing water flow has been explained as a coupled water-solute mechanism by Fiscus (6) . However, Boyer (5) pointed out that some of the apparent root resistance changes may be due to resistance changes in the leaves. A major difficulty in understanding resistance changes and validating models describing water flow in roots is due to the inability to measure, in an intact plant, xylem water potential at the absorption site. As pointed out by Greacen et aL (7) , the uncertain value of this potential may have caused considerable variation in estimates of root resistance. The need for more accurate estimates of resistance has increased since many water balance, water uptake, and plant growth models depend on these estimates.
In this paper, we demonstrate the value of the water potential of covered leaves as an indicator of water potential near the rootshoot junction of sorghum. We of measurement the foil was removed and the procedure described for exposed leaves was followed. Xylem pressure potential of roots was measured by removing the entire root from the solution, detaching it from the plant, and stripping 10 mm of cortex from the cut end to expose the stele. The intact root was sealed in the pressure chamber with the cut end protruding.
Osmotic Potential. The osmotic potential of solutions (44) was measured using a dew point hygrometer located in a constant temperature room. The instrument (Wescor HR-33T dew point microvoltmeter with C51 chamber) was calibrated using KCI solutions on filter paper discs (6-mm diameter) and sealed in the chamber for 10 (11) reasoned that the potential of a nontranspiring leaf should equilibrate to the potential of the stem to which it is attached. Richter (15) has pointed out that the potential of a covered, nontranspiring leaf or twig will equilibrate to the potential at the point of bifurcation. The last bifurcation point for xylem vessels from sorghum leaves may be at the node of attachment or many nodes below this, since leaf vascular connections have been observed to be continuous through eight internodes below the node of attachment (9, 18) . This being so, each leaf on the short statured plants used in these experiments may have had some direct xylem connection with the nodal plexus of the crown. Further anatomical evidence, although on grasses other than sorghum (2, 19) There are many places within the apoplast and protoplast of the plant where water could readily be stored and released. Boyer (5) and Meidner and Sheriff (12) have illustrated the position of various capacitances within the plant using electrical analog models. The contribution of water from capacitances in the leaves, stem, and roots will depend on the magnitude of the resistance in the main flow path below the point where water from the capacitance moves into the main flow path. If the resistance to water movement out of a full capacitance is small relative to the main flow path resistance, one would expect that transpiration would exceed uptake until the net exchange of water to and from the capacitance is zero and, thus, an equilibrium state is reached. It would also be expected that the exposed leaf water potential 4a would decrease more rapidly than covered leaf water potential {pcl and thus #cl-4' would increase rapidly for small changes in leaf flow F1.
The existence of an absorption lag has long been known (10) and must surely indicate that the resistance to water exchange from the plant capacitors is less than the resistance to water movement through the plant. This situation prevails even when the roots are surrounded with water, since an absorption lag was apparent (Fig. 4a) for solution-grown plants used in experiment 4a.
When the pressure potentials of leaves were monitored following exposure of the plants to light (experiment 4b and Fig. 4b) , the decrease in 'p1 was much more rapid than in 4ac between 0830 and 0845 h. The final effect of plant capacitance mentioned above, i.e. 4ipd -4pl increasing rapidly for small changes in F1, is evident in Figure 2 . This effect caused the function (4$a -44)/Fl and, thus, R, to change as F1 changed. There is an apparent change in As the net exchange of water from the plant capacitors becomes small (i.e. an equilibrium state is approached), the calculated value of R should tend to a constant and should then reflect the total of the flow resistances between the plant crown and the leaf being measured. In the present experiments, this equilibrium state was reached when the potential difference between the exposed leaf and the crown was greater than 0.6 MPa. At this time, R, tended to be about 0.4 mg-' MPa s (Fig. 3) . This tendency occurred even though many different leaves were used to derive the relation. This may be due to the similarity of leaves used to derive the relation or perhaps to the presence of a common controlling resistance in the water flow pathway to all sorghum leaves. A plant similar to that used to derive Figure 3 had a midday fresh weight of 0.063 kg. The loss of 0.01 kg of water from the body of an initially turgid plant before the rate of transpiration and the rate of uptake became equal represents a change of 13.7%. Diurnal change in the relative water content of leaves of fieldgrown sorghum plants has been shown to vary from about 10%1o for well watered plants to 30%o for plants in dry soil (16) . The present value of capacitance seems to be commensurate with observations from the field. The effect of capacitance also appears to explain, in a qualitative manner, the change in apparent resistance of the plant stem and leaves. In order to gain quantitative estimates of plant capacitance, details of other resistances and time constants such as those involved in the movement of water into and out of the plant water storage areas need to be established. To generate a range of uptake rates from a single root, we used the technique described in experiment 5. Uptake from each of four roots on a single plant was measured. One root was removed and the increased uptake rate of the three remaining roots was measured after a new steady rate was obtained. This procedure was repeated until one root remained; only then did the total uptake rate decrease appreciably (Table II) . A number of plants were used and a considerable range of Rr values was obtained.
The relation between Rr and uptake or flow (Fig. 5a ) indicated that the apparent resistance of roots is highly flow-dependent. If, however, the resistance of a single root over a range of flow rates is plotted (Fig. 5b) The present work has indicated that the covered leaf potential in sorghum estimates the potential which is operative at or near the crown of the plant. The characteristics of the apparent plant resistances calculated using this potential appear to be consistent with the present understanding of the system. Changes in this potential emphasize the effect that plant capacitance has on water relations, particularly during the initial and fmal stages of diurnal transpiration. Finally, the value of root resistance to water flow appears to be slightly greater than the above ground resistances for freely transpiring sorghum plants.
